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(57) ABSTRACT 

A position sensor and a method for sensing a position of a 
moveable member includes at least ?rst and second de?ect 
able members arranged so as to alloW the moveable member 
to pass therebetWeen and cause the at least ?rst and second 
moveable members to de?ect in proportion to the position of 
the moveable member relative to the ?rst and second 
de?ectable members. In one example of the present 
invention, the de?ectable members are cantilever-mounted 
members extending in generally the same direction. The 
amount of resultant de?ection is measured by any suitable 
means. For example, each de?ectable member may have a 
Wheatstone bridge provided thereon acting as a strain gauge 
in a known manner, such that the strain detected is propor 
tional to the amount of de?ection. In a particular example of 
the present invention, some of the elements of a ?rst 
Wheatstone bridge are provided on the ?rst de?ectable 
member and some are provided on the second de?ectable 
member. Likewise, some of the elements of a second Wheat 
stone bridge are provide on the ?rst de?ectable member and 
some are provided on the second. This desirably provides 
matched redundancy as Well as compensation for spurious 
lateral movement of the moveable member. 

55 Claims, 4 Drawing Sheets 
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SELF-COMPENSATING POSITION SENSOR 

This application is related to application Ser. No. 09/358, 
773, ?led on Jul. 22, 1999, and now US. Pat. No. 6,358,723. 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus 
for measuring a position of a movable member, especially, 
but not only, a linear position of a movable member. 

BACKGROUND OF THE RELATED ART 

In ?uid transfer and routing systems, valves are exten 
sively used to control delivery and otherWise regulate ?uid 
?oW. Frequently, proper valve operation and fast and reliable 
recognition of valve failures are critical to ?uid system 
reliability. 

It is knoWn in the art to detect valve failures by measuring 
characteristic parameters of the ?uid being transported. 
HoWever, such methods largely tend to be very elaborate and 
require complex testing and analysis methodologies to 
ensure accurate detection. Furthermore, implementing such 
failure detection methods tend to undesirably increase devel 
opment costs, operational costs, system doWntime, and, 
Where relevant, retro?t costs. 

It is therefore also knoWn to detect a valve failure in 
accordance With sensing the position of a valve and com 
paring it to an expected valve position. HoWever, conven 
tional valve position sensors, such as limit sWitches and 
potentiometers have loW reliability because of their reliance 
on electrical contacts Which tend to Wear and deteriorate 
relatively quickly. Comparatively reliable sensors, such as 
rotary variable transformers and linear variable differential 
transformers are expensive. Other position sensors, such as 
eddy current sensors, Hall effect sensors, proximity sensors, 
and the like can only operate in a limited temperature range. 

Accordingly, a position sensor representing an improve 
ment over the conventional art, as discussed above, is 
desirable. In particular, a position sensor that is simple, 
cost-effective to manufacture and implement, 
interchangeable, and able to Work in a Wide range of 
environments is desirable. A corresponding method for 
detecting a position of a movable member, such as a valve 
member, is therefore also desirable. Moreover, it is desirable 
to provide a dual redundant implementation to improve 
reliability and fault tolerance. 

SUMMARY OF THE INVENTION 

Therefore, the present invention is generally directed to a 
position sensor including at least one de?ectable member, 
and, more preferably, at least ?rst and second spaced apart 
and de?ectable members. The ?rst and second de?ectable 
members are positioned so as to alloW a movable member, 
such as a valve stem or the like, to move betWeen them, so 
as to cause them to de?ect laterally by an amount corre 
sponding to a position of the movable member relative to the 
?rst and second de?ectable members. The position sensor 
according to the present invention also includes a device for 
determining the amount that the ?rst and second de?ectable 
members are de?ected, and to output a signal based on the 
determined de?ection of the ?rst and second de?ectable 
members. The output signal, according to the present 
invention, is proportional to the position of the movable 
member. The ?rst and second de?ectable members may be, 
for example, correspondingly oriented cantilever-mounted 
members each having a ?xed proximal end and a free distal 
end extending in generally the same direction. 
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The above-described position sensor is useful as, for 

example, a valve position sensor, Where the movable mem 
ber is or is associated With a valve spool or the like. 

A device for determining the amount that the ?rst and 
second de?ectable members are de?ected may include ?rst 
and second Wheatstone bridges provided on the ?rst and 
second de?ectable members in a knoWn manner so that the 
?rst and second Wheatstone bridges output signals corre 
sponding to an amount by Which the ?rst and second 
de?ectable members are de?ected. In a particular example of 
the present invention, resistive elements of the ?rst and 
second Wheatstone bridges are provided on both the ?rst and 
second de?ectable members. 

A method for detecting a position of a movable member 
according to the present invention includes passing the 
movable member betWeen ?rst and second de?ectable mem 
bers so as to de?ect the ?rst and second de?ectable 
members, and determining a position of the movable mem 
ber according to the extent of de?ection of the ?rst and 
second de?ectable members. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will be even more understandable 
in vieW of the detailed Written description beloW, taken With 
reference to the appended draWings, in Which: 

FIG. 1 is a perspective vieW of a position sensor according 
to the present invention; 

FIG. 2 is a plan vieW of a position sensor according to the 
present invention; 

FIG. 3 is a cross-sectional vieW of the position sensor 
according to the present invention taken With respect to line 
3—3 in FIG. 2; 

FIG. 4 illustrates a position sensor according to the 
present invention in situ With respect to a movable member; 

FIGS. 5a and 5b illustrate ?rst and second Wheatstone 
bridges used in accordance With the present invention; 

FIG. 6 is plan vieW of a de?ectable member according to 
the present invention having improved operational charac 
teristics; and 

FIG. 7 illustrates a mechanical behavior of a de?ectable 
member according to the present invention having the shape 
illustrated in FIG. 6. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION: 

FIG. 1 illustrates a position sensor 100 according to the 
present invention. Position sensor 100 includes a main body 
102 having, in one example of the present invention, at least 
a ?rst de?ectable member 104 and a second de?ectable 
member 106 extending therefrom. The particular shape and 
exterior con?guration of main body 102 is not critical to the 
present invention beyond being shaped and siZed in a 
manner suitable for a given technical application. 

First and second de?ectable members 104 and 106 are, for 
example, cantilever-mounted With respect to main body 102 
in a knoWn manner (e. g., a screW-tightened clamp structure). 
That is to say, ?rst de?ectable member 104, for example, has 
a ?xed proximal end (With respect to main body 102) 104a 
and a free distal end 104b. LikeWise, second de?ectable 
member 106 has a ?xed proximal end 106a and a free distal 
end 106b. Most generally, ?rst and second de?ectable mem 
bers 104 and 106 are made from relatively thin material 
portions that permit each to resiliently de?ect from a neutral 
position and return. First and second de?ectable members 
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104 and 106 may be made from, Without limitation, metal, 
plastics, resins, etc. having mechanical characteristics 
(including siZe and thickness) that permit resilient de?ection 
from a neutral position. The material from Which ?rst and 
second de?ectable members 104 and 106 are made may 
additionally be coated With one or more coatings to alter the 
mechanical characteristics thereof, such as, Without 
limitation, resistance to thermal distortion, electromagnetic 
properties, and durability. See, for example, US. Pat. No. 
4,794,048 to Oboodi et al., the contents of Which are 
incorporated herein by reference. 

First and second de?ectable members 104 and 106 may 
generally have a variety of shapes, as seen in plan vieW, 
including, Without limitation, rectangular or trapeZoidal. The 
shape of the ?rst and second de?ectable members has an 
effect on operation of the position, as discussed further 
beloW With reference to FIGS. 6 and 7. 

FIG. 3 is a cross-sectional vieW of the position sensor 100 
seen in FIG. 2, as taken along line 3—3. As seen in FIG. 3, 
main body 102 may contain an electronic connector or 
controller 108 therein. The function of connector/controller 
108 is also discussed beloW. As seen in FIG. 3, ?rst and 
second de?ectable members 104 and 106 are spaced apart 
from each other. First and second de?ectable members 104 
and 106 need not be exactly parallel according to the present 
invention. HoWever, distal ends 104b and 106b are prefer 
ably spaced apart from each other by a suf?cient distance to 
permit a movable member (see, for example, FIG. 4) to 
move freely therebetWeen Without one or both of distal ends 
104b and 106b retarding the motion of the movable member. 
Another feature of the present invention is that ?rst and 
second de?ectable members 104 and 106 each have a neutral 
orientation or position to Which they each return after being 
resiliently de?ected. It is the amount that each de?ectable 
member is de?ected from their respective neutral positions 
that is used to sense a position of a movable member 
therebetWeen. 

FIG. 4 illustrates a position sensor 100 in situ relative to 
a movable member 112. Movable member 112 is, for 
example, linearly displaceable relative to assembly body 114 
along axis 116. Movable member 112 may be tapered or 
otherWise rounded, as seen in FIG. 4, so as to facilitate 
passing the end of movable member 112 betWeen the free 
distal ends 104b and 106b of ?rst and second de?ectable 
members 104 and 106. As seen here, solely by Way of 
example and Without being limiting, movable member 112 
is conical. It could have other shapes as Well, such as 
frusto-conical. HoWever, such tapering or rounding is not 
required according to the present invention. 

According to the present invention, as movable member 
112 moves further in betWeen ?rst and second de?ectable 
members 104 and 106, the ?rst and second de?ectable 
members 104 and 106 each resiliently de?ect laterally 
outWard. The amount of lateral de?ection of the ?rst and 
second de?ectable members 104 and 106 is proportional to 
hoW far movable member 112 is moved betWeen ?rst and 
second de?ectable members 104 and 106. 

It Will be appreciated that the lateral de?ection of ?rst and 
second de?ectable members 104 and 106 is typically much 
smaller, in terms of linear distance, than the corresponding 
linear movement of movable member 112. Using this scal 
ing relationship permits effective reduction of, for example, 
1 inch of linear movement of movable member 112 doWn to, 
for example, 0.1 inch of lateral de?ection of ?rst and second 
de?ectable members 104 and 106. This reduction of scale 
can be important depending on the manner in Which the 
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4 
de?ection of ?rst and second de?ectable members 104 and 
106 is measured. In this regard, many methods of measure 
that can be used in accordance With the present invention 
cannot handle the relatively large scale motion of movable 
member 112 (i.e., motion on the order of inches). 

It is possible to use only one de?ectable member in the 
manner discussed above to sense a position of movable 
member 112 in accordance With the present invention. 
HoWever, because of mechanical tolerances present in most 
systems, movable member 112 usually has some degree of 
motion in a direction transverse to its direction of motion 
(e.g., in a vertical direction in the plane of the draWing in 
FIG. 4). Therefore, using a single de?ectable member in the 
manner discussed here could cause an inaccurate position 
measurement because the de?ectable member may be over 
de?ected or under-de?ected because of the spurious trans 
verse movement of the movable member 112. 

It is therefore desirable to use at least tWo de?ectable 
members in the manner discussed herein. The use of at least 
tWo de?ectable members permits detection of and/or com 
pensation for spurious lateral movement of movable mem 
ber 112. For example, With respect to FIG. 4, if movable 
member 112 is displaced laterally toWards de?ectable mem 
ber 104 (in addition to being linearly displaced along axis 
116), then ?rst de?ectable member 104 Will register a larger 
de?ection than second de?ectable member 106. Appropriate 
measurement compensation (e.g., averaging) may then be 
undertaken if desired. 

In one example of the present invention, ?rst and second 
de?ectable members 104 and 106 each have ?rst and second 
Wheatstone bridges 200 and 200‘ of the type generally 
illustrated in FIGS. 5a and 5b provided thereon, respec 
tively. Wheatstone bridges are Well-known electrical circuits 
commonly used in strain gauge measurement, so a detailed 
explanation thereof is omitted here, except to mention that 
a strain applied to the Wheatstone bridge measurably alters 
the resistance of the Wheatstone bridge in proportion to the 
strain applied thereto, Which in turn in proportional to the 
amount of de?ection of the de?ectable member. Electrically, 
the Wheatstone bridges illustrated in FIGS. 5a and 5b are 
identical, except the resistive elements of second Wheat 
stone bridge 200‘ are denoted With prime marks (i.e., R1‘, 
R2‘, R3‘, R4‘) to help distinguish them from the resistive 
elements of ?rst Wheatstone bridge 200 in the discussion 
hereinbeloW. The resistance of the resistive elements in 
Wheatstone bridges 200 and 200‘ are, for example, 8 k ohms 
:1 k ohm. 

In addition to the circuitry illustrated in FIGS. 5a and 5b, 
a temperature sensing resistor (not shoWn) may be con 
nected to input of each Wheatstone bridge 200 and 200‘. 
The electrical leads to each Wheatstone bridge are con 

nected to or interfaced in connector/controller 108. 
Connector/controller 108 may, for example, provide an 
electrical connection to a knoWn device for measuring the 
de?ection of ?rst and second de?ectable members 104 and 
106 and converting it in a knoWn method (that relates the 
predetermined pro?le of movable member 112 With the 
linear position of movable member 112) to output the linear 
position of movable member 112. In the alternative, 
connector/controller 108 may itself be or be provided With 
a knoWn device. The device may be, for example, a micro 
processor suitably programmed to convert the detected 
change in resistance to a de?ection amount, and, in turn, to 
a linear position based on the shape pro?le of movable 
member 112. Each Wheatstone bridge is electrically con 
nected With a voltage source (not shoWn) in accordance With 
the knoWn operation of Wheatstone bridges and With FIGS. 
5a and 5b. 
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Generally, the resistive elements of ?rst Wheatstone 
bridge 200 may be provided on ?rst de?ectable member 104 
and the resistive elements of the second Wheatstone bridge 
200‘ may be provided on second de?ectable members 106. 
Thus, the de?ection of the ?rst and second de?ectable 
members 104 and 106 can be measured in a knoWn manner 
as a function of the strain detected by ?rst and second 
Wheatstone bridges 200 and 200‘ as ?rst and second de?ect 
able members 104 and 106, respectively, are de?ected. In 
particular, this arrangement addresses the conventional 
problem of sensor errors caused by transverse movement of 
movable member 112, as discussed above. 

In some applications (e.g., aerospace), a dual redundant 
implementation is required to improve reliability and fault 
tolerance. This means that redundant de?ectable members 
must be “matched” so that the outputs track With each other 
With sufficient closeness so that a signi?cant error does not 
occur When sWitching from one to the other. 

Therefore, in an example of a dual redundant implemen 
tation according to the present invention, ?rst de?ectable 
member 104 includes resistive elements R1 and R2 of ?rst 
Wheatstone bridge 200 provided on an outer side thereof, 
and resistive elements R1‘ and R2‘ of second Wheatstone 
bridge 200‘ provided on an inner (i.e., facing second de?ect 
able member 106) side thereof. Likewise, second de?ectable 
member 106 includes resistive elements R3‘ and R4‘ of 
second Wheatstone bridge 200‘ provided on an outer side 
thereof, and resistive elements R3 and R4 of ?rst Wheat 
stone bridge 200 provided on an inner side thereof. With this 
arrangement, ?rst and second de?ectable members 104 and 
106 together act as a position sensor, because the ?rst 
Wheatstone bridge 200 has some resistive elements thereof 
provided on ?rst de?ectable member 104 and some provided 
on de?ectable member 106. To provide the required 
redundancy, second Wheatstone bridge 200‘ has some resis 
tive elements thereof provided on ?rst de?ectable member 
104 and some provided on de?ectable member 106. Thus, if 
one of the Wheatstone bridges Were to fail, the other could 
be used instead. 

Furthermore, the Wheatstone bridges are inherently 
matched because they both depend on the same inputs (i.e., 
from both the ?rst and second de?ectable members 104 and 
106, taken together). In the previous example, by contrast, 
one Wheatstone bridge Was completely provided on one 
de?ectable member, and another Wheatstone bridge Was 
completely provided on the other de?ectable member. 
Therefore, the Wheatstone bridges are not matched because 
they operate independently. 

Even if a dual redundant implementation (i.e., providing 
tWo redundant Wheatstone bridges) is not used, the idea of 
providing some resistive elements (e.g., R1 and R2) of one 
Wheatstone bridge 200 on de?ectable member 104 and other 
resistive elements (e.g., R3 and R4) on de?ectable member 
106 can still be applied to provide a self compensation 
effect. 

As mentioned above, the shape of de?ectable members 
104 and 106 has an effect on the operation of the position 
sensor. While a variety of shapes, in plan, are operable, a 
de?ectable member having a ?rst Width adjacent to the ?xed 
proximal end thereof, a second Width, narroWer than the ?rst 
Width, adjacent to the free distal end thereof, and a smoothly 
concavely decreasing Width therebetWeen has a unique 
strain behavior, and is disclosed in US. patent application 
Ser. No. 09/645,674 titled “Uniform Strain PieZo-resistive 
Sensor,” ?led on Aug. 24, 2000, and noW abandoned the 
entire contents of Which is incorporated herein by reference. 
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6 
As illustrated in FIGS. 6 and 7, the region 300 of decreasing 
Width has a uniform strain behavior With respect to a 
distance from the ?xed proximal end (held by a clamp or the 
like). That is to say, the strain per unit de?ection in region 
300 is independent of the distance from the ?xed end. 
Beyond region 300, the strain per unit de?ection decreases 
non-linearly in proportion to the distance from the ?xed 
proximal end. This behavior is signi?cant because it means 
that the resistive elements of the Wheatstone bridges used in 
the present invention can be placed anyWhere in region 300 
and still have the same strain behavior. This greatly facili 
tates consistent manufacture of reliable devices, because the 
resistive elements do not need to be so precisely placed in 
the same manner as respective position sensors are manu 
factured. 
The present invention being thusly described, it Will be 

obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
as Would be obvious to one skilled in the art are intended to 
be included Within the scope of the folloWing claims. In 
particular, it Will be readily apparent to one of ordinary skill 
that the present invention can be vieWed more broadly in 
terms of relative movement, such that What has been here 
tofore described as a “movable” member could instead be 
positionally ?xed in accordance With the present invention, 
and the de?ectable member(s) could be movable relative to 
the noW-?xed member, so as to sense the position of the 
assembly including the de?ectable member(s). 
What is claimed is: 
1. A sensor for sensing the position a movable member, 

comprising: 
?rst and second spaced apart and de?ectable members, 

the movable member being movable betWeen said ?rst 
and second de?ectable members so that said ?rst and 
second de?ectable members are laterally de?ectable by 
the movable member in correspondence With a move 
ment of the movable member, such that said ?rst and 
second de?ectable members de?ect in opposite lateral 
directions and an amount of lateral de?ection by both 
de?ectable members increases the further the movable 
member is moved in betWeen the ?rst and second 
de?ectable members, said ?rst and second de?ectable 
members each being arranged to create a de?ection 
dependent effect based on movement of the movable 
member; and 

a de?ection determining device constructed and arranged 
to generate a signal based on the de?ection-dependent 
effects created by de?ection of said ?rst and second 
de?ectable members, said signal being proportional to 
a position of the movable member, such that a combi 
nation of the de?ection-dependent effect created by 
de?ection of said ?rst de?ectable member and the 
de?ection-dependent effect created by de?ection of 
said second de?ectable member indicates position of 
said movable member. 

2. The sensor according to claim 1, Wherein said de?ec 
tion determining device comprises ?rst and second pieZo 
resistive Wheatstone bridges, said ?rst and second Wheat 
stone bridges each including electrically resistive elements, 
some of said resistive elements of said ?rst Wheatstone 
bridge and some of said resistive elements of said second 
Wheatstone bridge being provided on said ?rst de?ectable 
member, and some of said resistive elements of said ?rst 
Wheatstone bridge and some of said resistive elements of 
said second Wheatstone bridge being provided on said 
second de?ectable member. 
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3. The sensor according to claim 2, wherein said ?rst and 
second Wheatstone bridges each include ?rst, second, third, 
and fourth resistive elements, Wherein: 

said ?rst and second resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing the movable member; 

said third and fourth resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said 
second de?ectable member facing aWay from the mov 
able member; 

said ?rst and second resistive elements of said second 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing aWay from the movable 
member; and 

said third and fourth resistive elements of said second 
Wheatstone bridge are provide on a side of said second 
de?ectable member facing the movable member. 

4. The sensor according to claim 3, Wherein said ?rst and 
second Wheatstone bridges each include: 

a voltage input electrically betWeen said ?rst and fourth 
resistive elements; 

a ground electrically betWeen said second and third resis 
tive elements; 

a ?rst output electrically betWeen said ?rst and third 
resistive elements; and 

a second output electrically betWeen said second and 
fourth resistive elements. 

5. The sensor according to claim 4, said de?ection deter 
mining device comprising temperature-sensitive ?fth resis 
tive elements connected to said voltage input of said ?rst 
Wheatstone bridge and to said voltage input of said second 
Wheatstone bridge, respectively. 

6. The sensor according to claim 4, Wherein at least one 
of said ?rst, second, third, and fourth resistive elements of 
said ?rst and second Wheatstone bridges has a resistance of 
8 k ohms. 

7. The sensor according to claim 4, the de?ection deter 
mining device comprising a resistive temperature detector. 

8. The sensor according to claim 1, Wherein said de?ec 
tion determining device comprises a converting mechanism 
constructed and arranged to convert said signal proportional 
to a position of the movable member into a position value. 

9. The sensor according to claim 1, Wherein said ?rst and 
second de?ectable members extend on either side of an axis, 
the movable member being movable along the same axis. 

10. The sensor according to claim 1, Wherein said de?ec 
tion determining device comprises a single pieZo-resistive 
Wheatstone bridge comprising resistive elements, some of 
Which are provided on said ?rst de?ectable member and 
some of Which are provided on said second de?ectable 
member. 

11. The sensor according to claim 1, Wherein said de?ec 
tion determining device comprises ?rst and second pieZo 
resistive Wheatstone bridges each including ?rst and second 
pluralities of resistive elements, respectively, Wherein said 
?rst plurality of resistive elements is provided on said ?rst 
de?ectable member and second plurality of resistive ele 
ments is provided on said second de?ectable member. 

12. A sensor for sensing the position of a movable 
member, comprising: 

?rst and second spaced apart and de?ectable members, 
the movable member being movable betWeen said ?rst 
and second de?ectable members so that said ?rst and 
second de?ectable members are de?ectable by the 
movable member in correspondence With a movement 
of the movable member, said ?rst and second de?ect 
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8 
able members each being arranged to create a 
de?ection-dependent effect based on movement of the 
movable member; and 

a de?ection determining device constructed and arranged 
to generate a signal based on the de?ection-dependent 
effects created by de?ection of said ?rst and second 
de?ectable members, said signal being proportional to 
a position of the movable member, such that a combi 
nation of the de?ection-dependent effect created by 
de?ection of said ?rst de?ectable member and the 
de?ection-dependent effect created by de?ection of 
said second de?ectable member indicates position of 
said movable member, 

Wherein said ?rst and second de?ectable members are 
cantilever-mounted members, each having a ?xed 
proximal end and a free distal end. 

13. The sensor according to claim 12, Wherein at least one 
of said ?rst and second de?ectable members has a ?rst Width 
at said proximal end, a second Width narroWer than said ?rst 
Width at said distal end, and an intermediate region having 
a Width concavely decreasing from said ?rst Width to said 
second Width located betWeen said proximal end and said 
distal end. 

14. The sensor according to claim 13, Wherein said 
intermediate Width has a continuously decreasing Width. 

15. The sensor according to claim 13, Wherein said 
intermediate region has a stepWise decreasing Width. 

16. The sensor according to claim 13, Wherein said ?rst 
and second de?ectable members each have a ?rst Width at 
said proximal end, a second Width narroWer than said ?rst 
Width at said distal end, and an intermediate region having 
a Width decreasing from said ?rst Width to said second Width 
located betWeen said proximal end and said distal end. 

17. The sensor according to claim 16, Wherein said 
intermediate Width has a continuously decreasing Width. 

18. The sensor according to claim 16, Wherein said 
intermediate region has a stepWise decreasing Width. 

19. The sensor according to claim 13, Wherein at least one 
of said ?rst and second de?ectable members comprises a 
metal substrate having a ceramic coating. 

20. The sensor according to claim 13, Wherein said 
de?ection determining device comprises ?rst and second 
pieZo-resistive Wheatstone bridges each including ?rst, 
second, third, and fourth resistive elements, Wherein: 

said ?rst and second resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing the movable member in said 
intermediate region; 

said third and fourth resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said 
second de?ectable member facing aWay from the mov 
able member in said intermediate region; 

said ?rst and second resistive elements of said second 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing aWay from the movable 
member in said intermediate region; and 

said third and fourth resistive elements of said second 
Wheatstone bridge are provide on a side of said second 
de?ectable member facing the movable member in said 
intermediate region. 

21. A sensor for sensing the position of a movable 
member, comprising: 

?rst and second spaced apart and de?ectable members, 
the movable member being movable betWeen said ?rst 
and second de?ectable members so that said ?rst and 
second de?ectable members are de?ectable by the 
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movable member in correspondence With a movement 
of the movable member, said ?rst and second de?ect 
able members each being arranged to create a 
de?ection-dependent effect based on movement of the 
movable member; and 

a de?ection determining device constructed and arranged 
to generate a signal based on the de?ection-dependent 
effects created by de?ection of said ?rst and second 
de?ectable members, said signal being proportional to 
a position of the movable member, such that a combi 
nation of the de?ection-dependent effect created by 
de?ection of said ?rst de?ectable member and the 
de?ection-dependent effect created by de?ection of 
said second de?ectable member indicates position of 
said movable member, 

Wherein the movable member is connected to a valve, 
such that a position of the movable member corre 
sponds to a position of the valve. 

22. A valve position sensor comprising: 
a linearly movable member associated With a valve spool; 
?rst and second de?ectable members mounted offset from 

a line along Which said movable member moves, said 
movable member being movable betWeen said ?rst and 
second de?ectable members so that said ?rst and sec 
ond de?ectable members are laterally de?ected in 
opposite lateral directions in correspondence With a 
movement of said movable member, such that an 
amount of lateral de?ection by both de?ectable mem 
bers increases the further the movable member is 
moved in betWeen said ?rst and second de?ectable 
members; 

a de?ection determining device constructed and arranged 
to output a signal based on a de?ection of said ?rst and 
second de?ectable members, said signal being propor 
tional to a position of the movable member and said 
valve spool. 

23. The sensor according to claim 22, Wherein said 
de?ection determining device comprises ?rst and second 
pieZo-resistive Wheatstone bridges, said ?rst and second 
Wheatstone bridges each including electrically resistive 
elements, some of said resistive elements of said ?rst 
Wheatstone bridge and some of said resistive elements of 
said second Wheatstone bridge being provided on said ?rst 
de?ectable member, and some of said resistive elements of 
said ?rst Wheatstone bridge and some of said resistive 
elements of said second Wheatstone bridge being provided 
on said second de?ectable member. 

24. The sensor according to claim 23, Wherein said ?rst 
and second Wheatstone bridges each include ?rst, second, 
third, and fourth resistive elements, Wherein: 

said ?rst and second resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing the movable member; 

said third and fourth resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said 
second de?ectable member facing aWay from the mov 
able member; 

said ?rst and second resistive elements of said second 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing aWay from the movable 
member; and 

said third and fourth resistive elements of said second 
Wheatstone bridge are provide on a side of said second 
de?ectable member facing the movable member. 

25. The sensor according to claim 23, Wherein said ?rst 
and second Wheatstone bridges each include: 

a voltage input electrically betWeen said ?rst and fourth 
resistive elements; 

a ground electrically betWeen said second and third resis 
tive elements; 
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a ?rst output electrically betWeen said ?rst and third 

resistive elements; and 
a second output electrically betWeen said second and 

fourth resistive elements. 
26. The sensor according to claim 25, said de?ection 

determining device comprising temperature-sensitive ?fth 
resistive elements connected to said voltage input of said 
?rst Wheatstone bridge and to said voltage input of said 
second Wheatstone bridge, respectively. 

27. The sensor according to claim 25, Wherein at least one 
of said ?rst, second, third, and fourth resistive elements of 
said ?rst and second Wheatstone bridges has a resistance of 
8 k ohms. 

28. The sensor according to claim 25, the de?ection 
determining device comprising a resistive temperature 
detector. 

29. The sensor according to claim 22, Wherein said 
de?ection determining device comprises a converting 
mechanism constructed and arranged to convert said signal 
proportional to a position of the movable member into a 
position value. 

30. The sensor according to claim 22, Wherein the mov 
able member is connected to a valve, such that a position of 
the movable member corresponds to a position of the valve. 

31. The sensor according to claim 22, Wherein said ?rst 
and second de?ectable members eXtend on either side of an 
aXis, the movable member being movable along the same 
aXis. 

32. The sensor according to claim 22, 
movable member is part of the valve spool. 

33. The sensor according to claim 22, 
movable member is tapered. 

34. The sensor according to claim 33, 
movable member is conical. 

35. The sensor according to claim 22, Wherein said 
de?ection determining device comprises a single pieZo 
resistive Wheatstone bridge comprising resistive elements, 
some of Which are provided on said ?rst de?ectable member 
and some of Which are provided on said second de?ectable 
member. 

36. The sensor according to claim 22, Wherein said 
de?ection determining device comprises ?rst and second 
pieZo-resistive Wheatstone bridges each including ?rst and 
second pluralities of resistive elements, respectively, 
Wherein said ?rst plurality of resistive elements is provided 
on said ?rst de?ectable member and second plurality of 
resistive elements is provided on said second de?ectable 
member. 

37. A valve position sensor comprising: 
a linearly movable member associated With a valve spool; 
?rst and second de?ectable members mounted offset from 

a line along Which said movable member moves, said 
movable member being movable betWeen said ?rst and 
second de?ectable members so as to be de?ected in 
correspondence With a movement of said movable 
member; 

a de?ection determining device constructed and arranged 
to output a signal based on a de?ection of said ?rst and 
second de?ectable members, said signal being propor 
tional to a position of the movable member and said 
valve spool, 

Wherein said ?rst and second de?ectable members are 
cantilever-mounted members, each having a ?Xed 
proXimal end and a free distal end. 

38. The sensor according to claim 37, Wherein at least one 
of said ?rst and second de?ectable members has a ?rst Width 
at said proXimal end, a second Width narroWer than said ?rst 
Width at said distal end, and an intermediate region having 
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a Width decreasing from said ?rst Width to said second Width 
located between said proximal end and said distal end. 

39. The sensor according to claim 38, Wherein said 
intermediate Width has a continuously decreasing Width. 

40. The sensor according to claim 38, Wherein said 
intermediate region has a stepWise decreasing Width. 

41. The sensor according to claim 38, Wherein said ?rst 
and second de?ectable members each have a ?rst Width at 
said proximal end, a second Width narroWer than said ?rst 
Width at said distal end, and an intermediate region having 
a Width decreasing from said ?rst Width to said second Width 
located betWeen said proximal end and said distal end. 

42. The sensor according to claim 41, Wherein said 
intermediate Width has a continuously decreasing Width. 

43. The sensor according to claim 41, Wherein said 
intermediate region has a stepWise decreasing Width. 

44. The sensor according to claim 41, Wherein said 
de?ection determining device comprises ?rst and second 
pieZo-resistive Wheatstone bridges each including ?rst, 
second, third, and fourth resistive elements, Wherein: 

said ?rst and second resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing the movable member in said 
intermediate region; 

said third and fourth resistive elements of said ?rst 
Wheatstone bridge are provided on a side of said 
second de?ectable member facing aWay from the mov 
able member in said intermediate region; 

said ?rst and second resistive elements of said second 
Wheatstone bridge are provided on a side of said ?rst 
de?ectable member facing aWay from the movable 
member in said intermediate region; and 

said third and fourth resistive elements of said second 
Wheatstone bridge are provide on a side of said second 
de?ectable member facing the movable member in said 
intermediate region. 

45. The sensor according to claim 38, Wherein at least one 
of said ?rst and second de?ectable members comprises a 
metal substrate having a ceramic coating. 

46. A method for detecting a position of a movable 
member, comprising: 

passing the movable member betWeen ?rst and second 
de?ectable members so as to laterally de?ect the ?rst 
and second de?ectable members, such that said ?rst 
and second de?ection members de?ect in opposite 
lateral directions and an amount of lateral de?ection by 
both the ?rst and second de?ectable members increases 
the further the movable member passes in betWeen the 
de?ectable members, thereby creating a de?ection 
dependent effect for each of the ?rst and second de?ect 
able members; and 

determining a position of the movable member according 
to a combination of the de?ection-dependent effect for 
the ?rst de?ectable member and the de?ection 
dependent effect for the second de?ectable member. 

47. The method according to claim 46, Wherein determin 
ing a position of the movable member comprises: 

providing ?rst and second resistive elements of a ?rst 
Wheatstone bridge on a side of the ?rst de?ectable 
member facing the movable member; 

providing third and fourth resistive elements of the ?rst 
Wheatstone bridge on a side of the second de?ectable 
member facing aWay from the movable member; 

providing ?rst and second resistive elements of a second 
Wheatstone bridge on a side of the ?rst de?ectable 
member facing aWay from the movable member; 

providing third and fourth resistive elements of the second 
Wheatstone bridge are provide on a side of the second 
de?ectable member facing the movable member; and 
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12 
determining a de?ection of the ?rst and second de?ectable 
members using signals generated by the ?rst and sec 
ond Wheatstone bridges; and 

determining a position of the movable member based on 
the detected de?ection of the ?rst and second de?ect 
able members. 

48. The method according to claim 46, Wherein the ?rst 
and second de?ectable members comprise a metal substrate 
having a ceramic coating. 

49. A method for detecting a position of a movable 
member, comprising: 

passing the movable member betWeen ?rst and second 
de?ectable members so as to de?ect the ?rst and second 
de?ectable members, thereby creating a de?ection 
dependent effect for each of the ?rst and second de?ect 
able members; and 

determining a position of the movable member according 
to a combination of the de?ection-dependent effect for 
the ?rst de?ectable member and the de?ection 
dependent effect for the second de?ectable member, 

Wherein the ?rst and second de?ectable members are 
cantilever-mounted members, each having a ?xed 
proximal end and a free distal end. 

50. The method according to claim 49, Wherein each of 
the ?rst and second de?ectable members has a ?rst Width at 
the proximal end, a second Width narroWer than the ?rst 
Width at the distal end, and an intermediate region having a 
Width decreasing from the ?rst Width to the second Width 
located betWeen the proximal end and the distal end. 

51. The method according to claim 50, Wherein the 
intermediate Width has a continuously decreasing Width. 

52. The method according to claim 50, Wherein the 
intermediate region has a stepWise decreasing Width. 

53. The method according to claim 50, Wherein the ?rst 
and second de?ectable members each have a ?rst Width at 
the proximal end, a second Width narroWer than the ?rst 
Width at the distal end, and an intermediate region having a 
Width decreasing from the ?rst Width to the second Width 
located betWeen the proximal end and the distal end. 

54. The method according to claim 50, Wherein determin 
ing a position of the movable member comprises: 

providing ?rst and second resistive elements of a ?rst 
Wheatstone bridge on a side of the ?rst de?ectable 
member facing the movable member in the intermedi 
ate region; 

providing third and fourth resistive elements of the ?rst 
Wheatstone bridge on a side of the second de?ectable 
member facing aWay from the movable member in the 
intermediate region; 

providing ?rst and second resistive elements of a second 
Wheatstone bridge on a side of the ?rst de?ectable 
member facing aWay from the movable member in the 
intermediate region; 

providing third and fourth resistive elements of the second 
Wheatstone bridge are provide on a side of the second 
de?ectable member facing the movable member in the 
intermediate region; and 

determining a de?ection of the ?rst and second de?ectable 
members using signals generated by the ?rst and sec 
ond Wheatstone bridges; and 

determining a position of the movable member based on 
the detected de?ection of the ?rst and second de?ect 
able members. 

55. A position sensor comprising: 
a movable assembly including ?rst and second spaced 

apart and de?ectable members; 
a ?xed member disposed betWeen said ?rst and second 

de?ectable members, said ?rst and second de?ectable 
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members being de?ectable by the ?xed member in 
correspondence With a movement of the movable 
assembly relative to the ?xed member, said ?rst and 
second de?ectable members each being arranged to 
create a de?ection-dependent effect based on move 
ment of the movable assembly relative to the ?Xed 
member; and 

a de?ection determining device constructed and arranged 
to output a signal based on a de?ection of said ?rst and 
second de?ectable members, said signal being propor 
tional to a position of the movable assembly such that 
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a combination of the de?ection-dependent effect cre 
ated by de?ection of said ?rst de?ectable member and 
the de?ection-dependent effect created by de?ection of 
said second de?ectable member indicates position of 
the movable assembly relative to the ?Xed member, 

Wherein said ?rst and second de?ectable members are 
cantilever-mounted members, each having a ?Xed 
proXimal end and a free distal end. 

* * * * * 


